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(S) Protective collar for a vacuum seal in a plasma etcli reactor. 



I The disclosure relates to a vacuum seal that 
can be used in a plasma etch reactor to seal the 
chamber Interior <10) from the outside environ- 
ment consists of a protective collar (66) that is 
injection moided or machined of a high 
strength, high temperature and conroslon resis- 
tant thermoplastic mabenal. The collar has an 
elastomeric gasicet (68) installed therein and is 
used in combination with a sdcond elastomeric 
gasi^t (76) to achieve a fluid-tight seal between 
two rigid surfaces (74,72) made of silicon and 
quartz, respectively. 
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The present invention generally relates to a pro- 
tective collar used in a vacuum seal assembly and 
more particularly relates to a protective collar used in 
a vacuum seal assembly that is machined or injection 
molded of a high strength, high temperature thermo- 
plastic material that contain low levels of metal con- 
tamination. 

Plasma etch reactors have been used for proc- 
essing oxide films on semiconductor substrates for 
many years. In a typical plasnr^ etch reactor, a reac- 
tant gas such as a carfoon-f luorine gas of C2Fe is suf- 
ficiently excited by an RF field and confined by mag- 
netic fields to generate a plasma inside the reaction 
chamber. The plasma contains ions and free radicals 
of species such as F and CFj. The F radicals etch any 
silicon dioxide film existing on the substrate, while 
carbon and fluorine atoms or ions In the plasma com- 
bine to form a fluorocarbon polymer. 

European patent publication No. 0,520.519 Al 
discloses a novel inductively coupled plasma etch re- 
actor for etching thin films formed on a silicon wafer 
using an RF plasma etch process, the disclosure of 
which is incorporated herein in Its entirety by refer- 
ence. Such a reactor can be used to selectively etch 
silicon dioxide films over non-oxide films such as 
polysilicon or silicon nitride on the wafer. 

U.S. patent application Serial No. 07/d41.501 
filed Septembers. 1992 by Marks, etal. entitled "Se- 
lectivity For Etching An Oxide Over A Nitride" disclo- 
ses how to use an inductively coupled plasma reactor 
of the type disclosed in the above-referenced Europe- 
an patent publication to form a fluorocart>on polymer 
film that has less than 40% fluorine over a non-oxide 
film. This Improvement Is realized by increasing the 
proportion of cart>on in the plasma relative to fluorine, 
and is accomplished by introducing a fluorine scav- 
enger into the plasma. One such recommended scav- 
enger is silane gas. 

U.S. patent application Serial No. 07/984.046 
filed December 1, 1992 by Collins, et al. and U.S. pa- 
tent application Serial Na 07/941,507 filed Septem- 
ber B, 1992 by Collins, et al. disclose, respectively, a 
capacitively and an inductively coupled plasma etch 
apparatus in which a fluorine scavenger material In 
theformof a silicon ceiling inside the reactor chamber 
is introduced to achieve the same type of advantages 
as realized in the above-referenced Marks, et al. ap- 
plication. The silicon ceiling emits sllioon atoms Into 
the plasma which scavenge fluorine ions out of the 
plasma, providing the desired cart>on-to-fluorine ratio 
in the plasma to form a carbon-rich polymer impervi- 
ous to fluorine in the plasma over the non-oxide film 
such as silicon nitride and polysilicon. 

A problem frequently encountered with plasma 
etch reactors, particularly the inductively coupled re- 
actors of the type disclosed in the above-referenced 
European patent publication, is that the chamber 
sidewail is preferably formed of quartz (silicon diox- 



ide) which seals the chamber interior from the outside 
environment by sealingly engaging a silicon ceiling 
and an aluminum cylindrical top wall. Based on the 
fact that silicon, quartz and aluminum are all rigid ma- 
5 lerials, it is difficult to achieve a gas impervious seal 
between surfaces made of these materials. 

Numerous sealing methods have been tried in 
plasma etch reactors to achieve a satisfactory cham- 
ber seal. One of such sealing methods involves the 

10 cutting of grooves In the bottom rim of the aluminum 
top wall and the installation of gaskets made of either 
an elastomer or Teflon in the grooves. This seating 
method turned out to be unsatisfactory for two rea- 
sons. First, since the aluminum cylindrical top wall is 

IS normally cooled and kept at a relatively low tempera- 
lure, e.g. 60-1 00°C, flourine and carbon ions in the 
reactor chamber escape through the gap between the 
silicon ceiling and the quartz skiewall and form a flu- 
orocart)on polymer on the exposed bottom rim of the 

20 aluminum top wall. The fluorocarbon polymer be- 
comes a source of particulates for the chamber and 
the semiconductor substrate in subsequent etching 
processes. Secondly, the elastomeric gaskets (typi- 
cally O-rings) installed in the grooves in the bottom 

25 rim of the aluminum top wall are frequently attacked 
by corrosive fluorine ions or radicals and deteriorates 
and looses theb- sealing function. Additionally, the 
elastomeric gaskets contain relatively high levels of 
metal impurities whk:h become particles in the cham- 

zo ber upon exposure. 

Another sealing method that has been tried in the 
sealing of a plasma etch reactor chamber Is the instal- 
lation of an el astonr^erlc gasket in between the contact 
surfaces of the silicon celling and the quartz sidewail. 

35 This design eliminates the process of deposition on 
the aluminum surface. This again turned out to be in- 
effective due to the presence of corrosive fluorine gas 
escaping from the reactor chamber through the gap 
between the silicon ceiling and the quartz skiewall 

40 that corrodes the gasket The conrosk>n occurs even 
when the gaskets are molded or machined of chemi- 
cal resistant fluorocarbon elastomers. Also, these 
materials can fail due to exposure of UV light created 
in the chamber. 

45 It Is therefore an object of the present invention 

to provide a seating assembly for use in between con- 
tact surfaces of a silicon ceiling and a quartz skiewail 
in a plasma etch reactor chamber that does not have 
the shortcomir^s of the prior art sealing methods. 

so It is another object of the present invention to pro- 

vide a sealing assembly for use in sealing a plasma 
etch reactor chamber that can be installed and re- 
placed economically such that it can t>e suitably used 
in a manufacturing process. 

55 In accordance with the present invention, a seal- 

ing assembly for use between contact surfaces in a 
plasma reactor to provide a fluid-tight seal of the 
chamber interior from the outside environment is pro- 
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vided, for example, between a silicon ceiling and a 
quartz stdewall in an etch reactor. 

In the preferred embodiment, the sealing assem* 
biy includes an elastomeric gasket and a sacrificial 
protective collar. The material of the protective collar s 
can be a high temperature thermoplastic resistant to 
etching and need not be highly elastic. 

in the prefen'ed emtx>diment. the protective collar 
has. in its cross-sectional area, an open end and a 
closed end. The open end is formed by two fingers io 
opposing each other and in compressive f rictionai en- 
gagement with an elastomeric gasket installed therein 
such that the fingers are forced to spread outwardly 
against the contact surfaces to provide a flu kJ -tight 
seal. The thermoplastic material used in the injection is 
molding of the protective collar should not contain 
metal fillers which may act as contaminants in the re- 
actor chamber. 

Suitable materials used for the elastomeric gas- 
ket are fluoiocart)on elastomers or any other elasto- 20 
mer that has similar properties. Desirable thermo- 
plastic materials used in injection molding the protec- 
tive collar are polyetheretherketone, polyimide, poly- 
phenylene sulfide and polytetraftuoroethylene. Other 
high strength, high temperature and corrosion resis- 25 
tant thermoplastics that are injection moldable or 
machinable can also be used In making the protective 
collar. 

The present invention is further directed to a sac- 
rificial protective collar, and to a plasma etch reactor 30 
that employs a sealing assembly of an elastomeric 
gasket and a thermoplastic sacrificial protective col- 
lar. 

Other objects, features and advantages of the 
present invention will become apparent upon consid- 35 
eration of the specif ication and the appended draw- 
ings, in which: 

Figure 1 is a cross-sectional view of a typical 
plasma etch reactor utilized in the present invention. 

Rgure 2 is an enlarged, partial, cross-sectional 40 
view of a prior art sealing assembly used between a 
silicon ceiling and a quartz skJewall in a plasma etch 
reactor. 

Figure 3 is an enlarged, partial, cross -sectional 
view of the present Invention sealing assembly used 45 
between a silicon ceiling and a quartz sidewall in a 
plasma etch reactor. 

Figure 3a is an enlarged, cross-sectior^l view of 
a protective collar. 

One emtiodimenl of the present invention is a 60 
novel sealing assembly used between surfaces of a 
silicon ceiling and a quartz sktewall of a plasma etch 
reactor. The sealing assembly not only provides sat- 
isfactory sealing function between two rigid contact 
surfaces, but also provides protection against any de- 55 
teriorating effect on the elastomeric gasket by the cor- 
rosive gases produced in the reactor chamber. 

Referring initially to Figure 1, a cross-sectional 



view is shown of a typical plasn^ etch reactor equip- 
ped with a silicon ceiling as a scavenging surface. 
The silicon ceiling is a source of silicon atoms which 
scavenge fhjorine out of the plasma to thereby pro- 
vide a desired cartX)n-to-f luorine ratio forming a car- 
bon-rich pdym^ impervious to the fluorine in the 
plasma over the non-oxide (e.g. pdyslllcon or silicon 
nitride) film. In a typical etching process, a reactant 
gas such as CzF^ is excited sufficiently to generate a 
plasma Inside the reactor chamber and lo produce 
tons and free radicals of F and CF). The F radicals 
etch any silicon dioxide film on the wafer, white car- 
bon and f lourine atoms or ions in the plasma combine 
on the wafer surface to form a polymer. 

The polymer disassociates when formed on sili- 
con dk>xide surfaces due to the effect of oxygen freed 
from the silicon dloxkle film during the etch process, 
and due to the effect of fluorine in the plasma. How- 
ever, when polymer Is formed on non-oxide film (e.g. 
polysllioon or silicon nitride), the polymer accumu- 
lates due to the lack of oxygen in the underlying non- 
oxide film. This formation inhibits etching of the un- 
derlying rran-oxide film and thereby, provides a pro- 
nounced etch selectivity of the oxide film over the 
non-oxide film. The selectivity is of great importance 
when etching vias through a silicon dioxide layer 
overlying a non-oxide layer which is not to be etched. 
The selectively Is limited If the polymer formed over 
the potysilicon layer contains more than 40% fluorine 
by weight, because such polymers are susceptible to 
being attacked by fluorine in the plasma, and there- 
fore provide only limited protection to the underlying 
polysilicon layer. 

Figure 1 shows an inductively coupled plasma 
etch reactor of the general type described in the 
above-referenced European patent publication. The 
reactor includes a vacuum chamber 10 enclosed by 
a cylindrical quartz sidewall 12 and a bottom U In- 
cluding a cathode assembly on which a silicon wafer 
1 6 is held by a retractable annular holder 1 6 on a ped- 
estal 19. The ceiling 20 is made of crystalline silicon 
and heated by an overlying heating element 22 con- 
nected to a temperature controller (not shown). A cyl- 
indrical aluminum top wall 24 rests on the quartz side- 
wall 1 2 and supports an overlying cooling element 26 
in which coolant is circulated through water jacket 28 
as shown in Figure 2. This arrangement cools the 
quartz sidewall 12 through the aluminum cylindrical 
top wall 24. 

A helical cylindrical antenna coil 30 is wrapped 
around the cylindrical quartz sidewall 12 and Is con- 
nected to an RF energy source 32 to inductively cou- 
ple energy to the plasma in the chamber 1 0. Aceramic 
cylindrical cover 34 made of materials such as AI2O3 
or SI2N4 sunrounds the antenna coll 30. 

A gate valve-vacuum pump assembly 36 draws 
gas from the chamber 10 through an opening in the 
chamber body 38 to maintain a vacuum in the cham- 
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ber 10 determined by a pressure control device 40. A 
gas feed 42 feeds reactant gases such as C2F6 into 
the chamber 10. 

In order to nraintain the temperature of the interior 
surface of the quartz sidewaU 12 well above 170*'C. 
a heating element (not shown) rests in the Interior of 
the ceramic cover 34 near the bottom of the quartz 
sidewall 12 and is connected to an electrical source 
{not shown). The apparatus for heating the sidewall 
and the celling are disclosed by Rice, et al. In U.S. pa- 
tent application 08/138.060, filed October 15. 1993. 

The temperature of the silicon ceiling 20 determi- 
nes the rate at which silicon atonns scavenge the plas- 
ma within the chamber 10, and therefore affects the 
carbon-to-flourine content ratio. Accordingly, the sili- 
con ceiling 20 is maintained at a temperature corre- 
sponding to a carbon-flourine plasma ratio providing 
a polymer carbon content greater than 60% by weight. 
Such temperature control of the ceiling 20 is provided 
by a controller governing the celling heat source In 
accordance with a signal received from a themrK>cou- 
ple 44 attached to the silicon ceiling 20. Heat conduc- 
tion to the silicon celling 20 Is set by a suitable air gap 
between the heater 22 and the ceiling 20. 

During an etching process, the source RF power 
of the RF source 32 is in the range of 2,000-3.000 
watts at about 2 MHz. The bias RF power of an RF 
source 46 connected to the pedestal 1 9 is In the range 
of 500-1500 watts at 1.8 MHz, depending on the size 
of the wafer 16. The silicon ceiling temperature is in 
the range of 200-300''C, and is normally set at approx- 
imately 260°C. The quartz sidewall interior surface 
temperature is in the range of between 170*^0 and 
230^0. and Is normally set at 220''C. The CaFe gas 
flow rate is between 20-50 standard cubic centime- 
ters per minute and the chamber pressure is between 
1-10 millitorr. 

In a typical etching process for oxide films, a high 
density, low pressure plasma is used. The chemistry 
involved is the dissociation of C2Fe into components 
of CF2, F and C. The CF2 is the active etching com- 
ponent of the gas, while F and C forms a fluorocarbon 
polymer that deposits on any surface that is relatively 
cool, i.e. at a temperature of 100°C or below. 

In a prior art sealing assembly, as shown In Fig- 
ure 2, a t>ottom rim 48 of the aluminum top wall 24 
acts as a seal for the chamber 10. The bottom rim 43 
Is equipped with grooves 50, 52 and 54. In grooves 
50, 52 and 54, fluorocarbon elastomeric gaskets 56, 
58. and a teflon gasket 60 are installed. However, flu- 
orocarbon polymer escapes through a gap 62 be- 
tween the silicon ceiling 20 and the quartz sidewafl 1 2 
and deposits on an inner circumferential surface 64 
of the bottom rim 48 of the aluminum top wall 24 since 
the wall 24 is normally maintained at a temperature of 
dO°C. The polynr>er does not deposit on other chamber 
surfaces, i.e. that of the silicon ceiling and of the 
quartz sidewall. due to the fact that these surfaces 



are maintained at much higher temperatures of ap- 
proximately 260*^0 and 220''C, respectively. The de- 
position of the f luon>cart>on polymer on the aluminum 
top wall 24 causes contaminatk>n in the reactor cham- 

5 ber 10 in subsequent etching processes. Moreover, 
corrosive fluorine gas escapes through the gap 62 
and corrodes the fluorocarbon gaskets 56 and 56 dur- 
ing the etching process and causes further contam- 
ination of the chamber 10. 

10 The solution to these sealing problems is the use 

of a novel protective collar, or a sacrificial protective 
shield, made of a high strength, high temperature and 
corrosion resistant thermoplastic material which con- 
tains low levels of metal fillers. Since the collar does 

IS not act as a vacuum seal, its elastic properties are not 
critically important. The protective coDar serves a 
sacrificial function In that It may be corroded by the 
active flourine gas after extended exposure. How- 
ever, it effectively shiekis the elastomeric gasket from 

20 corroston. The protective collar Is made by an Inex- 
pensive Injectton molding process and therefore can 
be inexpensively replaced. A typical protective collar 
may be used for a minimum of 5,000 etch cycles. 
A seal assemt^ly that includes an annular protec- 

25 tiva collar 64 is shown in Rgura 3. The protective col- 
lar 64 consists of an injection molded or machined 
thermoplastic body 66 and an elastomeric gasket 68. 
The protective collar 64 has in its vertical cross- 
section at the open end equipped with two annular 

30 fingers 70 and a closed end 67. this is shown in Figure 
3a. The fingers 70 are situated opposing to each 
other and are generally circularly shaped to accept 
the elastomeric gasket 68 there in between. Figure 2 
shows that the fingers 70 are forced by the gasket 68 

35 to spread outwardly against two sealing surfaces 72 
and 74 of the quartz wall 12 and silicon ceiling 20 
such that a seal is achieved t>elween the chamber 10 
and the outside environment and that gas exchange 
is significantly reduced. It is to be noted that the gas- 

40 kets 68, 76 are shown in a compressed state. 

The seal assembly further Includes an elastome- 
ric gasket 76 which is installed between the protective 
collar 64 and the aluminum cylindrical top wall 24. 
During assembly of the etch chamber, the gasket and 

4S the collar are held in place In a groove of the quartz 
sidewaQ formed by the sidewall and the aluminum cyl- 
indrical top wall. It is to be noted that the open end of 
the protective collar 64 Is nriolded to face away from 
the chamber 10 so as to protect the elastomeric gas- 

60 kets 68 and 76. The protecth/e collar 64 shields any 
corrosive gas escaping from the chamber 1 0 through 
a gap 78 between the top of the sidewall 12 and the 
ceiling 20 from reaching the elastomeric gaskets 68 
and 76. The novel seal aasembly therefore provides 

55 a vacuum seal that withstands highly corrosive fluor- 
ine gas to prevent any deterioration of the elastomeric 
gaskets and the generation of contaminating pauiio- 
les inside the etch chamber. 
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The protective collar 64 can be injection molded 
of any high strength, high temperature and corrosion 
resistant themnoplastic nnaterials. Some of the suit- 
able niaterials are poiyetheretherketone, polyimide. 
polyphenylene sulfide and polytetrafluoroethylene. 5 
etc. and the t>lerKl3 of these materials. These thermo- 
pfastlc rnaterials should not contain any metal f liters 
which may become possible contaminants in the re- 
actor chamber. A typical collar molded of polyethere- 
therketone Is commercially available from Greene io 
Tweed Incorporated. The etastomeric gasket 68 and 
76 may be molded of any high strength, high temper- 
ature and corrosion resistant elastomeric n^terials 
such as fluorocarbon elastomers, fluorosilicon elas- 
tomers, etc. However, their cortosion resistance can is 
be less than if they were not protected by the collar. 

While the present invention has been described 
in an illustrative manner, it should be understood that 
the terminology used is intended to be in a nature of 
words of description rather than of limftatton. 20 

Furthermore, while the present tnventton has 
been descrit>ed in terms of a preferred embodiment 
thereof, it is to be appreciated that those skilled in the 
art will readily apply these teachings to other possible 
variations of the invention. For instance, protective 25 
collars that have other configurations different than 
the one shown may also be suitably used as long as 
a flukj-tight seal can be achieved between the sealing 
surfaces of the silicon ceiling and the quartz sidewall. 
It is also to be appreciated that the present invention 30 
seal assembly may be used in any sealing arrange- 
ment other than a plasma etch chamber that requires 
a fluid-tight seal between any two surfaces. 

The emtjodimentsof the Invention In which an ex- 
clusive property or privilege is claimed are defined as 35 
follows: 



3. A protective collar according to claim 2, wherein 
said biasing second member is a second elasto- 
meric gasket 

4. A protective collar according to claim 2, wherein 
said collar is Injection molded. 

5. A protective collar according to claim 1, wherein 
said thermoplastic material is selected from the 
group consisting of polyethyletherketone. pdyi- 
mkle. polyphenytene sulfide, and polytetrafluoro- 
ethylene. 

6. A protective collar according to claim 4, wherein 
said material comprises polyetheretherketone 
and wherein said collar comprises a first member 
c<OTipo5ed of said thermoplastte material and 
having in its cross-sectional area an open end 
facing said first gasket formed by two fingers sit- 
uated in opposition to each other and engaging a 
biasing second member therebetween such that 
said fingers are forced to spread outward against 
said rigid surfaces. 

7. A protective collar comprising an annular mombar 
comprising a material selected from the group 
consisting of polyetheretherketone, polyimkle. 
polyphenytene sutfMe. and polytetrafluoroethy- 
lene. having on a first radial skje an annular solkJ 
portion, and having on a second radial side a pair 
of opposed and oppositely biasable annular fin- 
gers, connected on proximal ends thereof to said 
solid portion, and partially enclosing an annular 
space. 

8. A protective collar according to claim 7, wherein 
said materia! comprises polyetheretherketone. 



Claims 



40 



A protective collar for use in a seal assembly to- 
gether with a first elastomeric gasket for sealing 
between two rigid surfaces, said protective collar 
protecting said first gasket from a corrosive en- 
vironment, said collar comprising a thermoplastic 45 
material that does not contain metal fillers and is 
more resistant to said corrosive environment than 
saM first gasket. 

A protecth/e collar according to daim 1 , wherein so 
sakj collar com prises a first member composed of 
saki thermoplastic material and having In its 
cross- sectional area an open end facing said first 
gasket formed by two fingers situated in opposi- 
tion to each other and engaging a biasing second 55 
member therebetween such that said fingers are 
forced to spread outward against said rigid sur- 
faces. 



9. A protective collar according to claim 8, further 
comprising an O-ring insertable into saki annular 
space and outwardly biasing said fingers. 

10. A protective collar according to claim 7, wherein 
said annular member does not contain metal fill- 
ers. 

11. A seal assembly for use in sealing two adjoining 
surfaces to achieve a fluid-tight chamber interior 
comprising: 

a first elastomeric gasket, 

a protective collar positioned between 
said first elastomeric gasket and said fluid-tight 
chiamber interior, said collar comprising a thermo- 
plastic material that does not contain metal fillers. 

12. A seal assembly according to claim 11, wherein 
said protective collar is injection molded of at 
least one material selected from the group con- 
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sisting of polyetherether ketone, polyimide. poly- 
phenyiene sulfide and polytetrafluoroethylene. 

13. A seat assembly according to claim 11. wherein 
said protective collar is injection molded of poly> 5 
ethereth erketone. 

14. A seal assembly according to claim 11, wherein 
said protective collar has in its cross>sectionai 
area an open end a nd a dosed end with sa Id o pen io 
end facing said first elastomeric gasket, said 
open end being formed by two fingers opposing 
each other and in frictional engagement with a 
second elastomeric gasket situated therein be- 
tween such that said fingers are forced to spread is 
outwardly against the sealing surfaces providing 

a fluid-tight seal. 

15. A vacuum chamber comprising: 

a rigid ceiling member defining the upper 20 
boundary of the Interior of said chamber, said rig- 
id ceiling member having a first surface facing 
dowrrwardly. 

a rigid sidewalt member having a second 
surface that faces upwardly for sealingly engag- 25 
ing said first surface of said rigid ceiling member. 

a first elastomeric seal member compres- 
sh^ely engaged between said first and said sec- 
ond surface, and 

a protective collar positioned t)etween 30 
saki First elastomeric seal member and said 
chamber interior, said collar being compressh/ely 
engaged between said first and said second sur- 
faces. 

35 

1 6. A vacuum chamber according to daim 1 5. where- 
in said protective collar having in its cross- 
sectional area an open end facing sakI first elas- 
tomeric seal member, saki open end being 
formed by two fingers opposing each other and 40 
in frictional engagement with a second elastome- 
ric member situated there in between such that 
said fingers are forced to spread outwardly 
against said first and said second surfaces. 

45 

1 7. A vacuum chamber according to daim 1 5, where- 
in sakI vacuum chamber is a plasma etch cham- 
ber. 

18. Avacuum chamber according to daim 15. where- so 
in said rigid ceiling member is made of silicon and 

sakJ rigid sidewall is made of quartz. 
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